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When one ascribes the mechanism responsible for asymptotically
constant total cross sections or diffractive behaviour in general to the
presence of an isolated J-plane pole (fixed or moving) whosc t = 0 inter-
cept is precisely one, strong restrictions are required on the various
couplings of the object associated with that pole {the Pomeron). The
moct ancient of these 1s the necessity that Pomercns of zero mass decouple
in hnltl- Reaece models for particle production in order to make them con-

. . . . ]- : &1 T 1 1
sigtent with unitarity.,  Also in the "reggeon calculus’ model of high cnergy
behavicur it appears to be necessary that certain triple Pomeron couplings
vanich for the ambiiious program there envisioned to be sclf consistent,
Further, it is now known that the three Pomeron vertex measured in inclu-
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sive processes must vanish when all Jegs carry zero mass, 1n tlis paper,
we propose to use the latter fact together with bounds on Regpecon particle
abaorplive parts to provide very striking constraints on FPomeron couplings.

Our starting point is to consider the W -channel absorptive part,
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A (W7, t(), g7, g}, of the "process’ : Reggeon of momentem g, spin
C . 21

T &l

2 . : .
alg ), W -channel helicily a, plus a spinless particle b of mass my8

to some systen o of mowentum g and, for gimolicity, the same spinless
C

. o W 2 2
particle b {(sce Figure 1), We exhibit the dependence of A on W o= (qa-l Pb) »

i
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t= (¢ - g ) evaluated at W - channce! scatlering angle 4, g, g, the W -
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channel helicity @, and some cluster variables ¢ for the object of momen-
Lo« Thir absorptive part has the usual representation as a swun over

intermediate states
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where T igs the 2N amplitude indjicated.
By using the Cauchy-Schwartz inequality on this sum, we may bound it
C , . 4 .
above, within the Lehmmana ellipse, by the product of absorptive parts for

the elastic processes atb~a+b and ctb—ctb.  That is, for 0 = Wi we write
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We want to use this in the case when the Reggeon a is a Pomeron with g =0,
' a
for then the vaniching of the leading asymptotic behaviour on the right hand
side of (2) has implications for the couplings appearing on the left.
First, we recall that in an inclusive process at large incident enerzy,
: C 2 .
fizxed missing mass and momentum transfer one measures the W absorptive
part of the mazimumn {1ip t-channel helicity amplitude for Reggeon particle
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scaltering. To crogs {rom A for g = 0to t-channel amplitudes, we
) ¢ a
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rernember that the helicity crogsing matrice for lightlike mormmenta is

simple, and indecd,
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AW (W5 t, 0, 0) = At (WZ, £, 0, 0), (3)
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which relation we shall want to continue to complex helicities, Now we are
able to wrile the bhasie ineguality (2) in terms of the t-channel amplitude

measured i inclusive processes
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et us ask for the asymptetic behaviour in W~ of cach side of (4) for
the case =0, se t=0 on the right hand side. Further, the Reggeon is taken

te be the Pormeron which we assume to be a pole with a {0} = 1.  We know
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from the arguwments in Ref. 3 that the asymptotic behaviour of Al p 8 not
2.a {0} . . . o : .
(W ) o since the three Pomeron coupling in that helicity configuration

{0
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vanishes for =0, t=0, so we must have A ~ (W) where a__(0)
9a 1,-1 N
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iz the nexst singnlarity we encounter and would most likely be & 5. Now the

asymptotic inequality reads
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where the couplings g (with W -channel helicity indices) incorporate the
Regpeon/two particle vertices which we assume not to vanish, In the
regime where the Inequality (4) holds, which is essentially all space~like
t, whenovoer
2a (L) > a_(0) + a (0), (6}
P
(5) requirces that
o {0, qz, t) = 0O (7)
el c
In other words, & PPomeron of zero mass and helicity 41 must decouple
. L P : [ -
from any state of Mmass g and anothcr Pomeron subjoect to (6) (Figure 2).
C i
This iz, in a sense, a model independent generalization of the resulis
of Ref, 1.
. C e . N L2
The coupling in (5) or {7} rclers all helicities Lo the W - channel,

but since the transition to any helicity state of ¢ must vanish, we can

conclude ramadiately that (7) holds for t-channel helicity vertices as



well {(bearing Eq. (3) in mind). Furthermore, if the system ¢ is character-
izcd by o definite spin (which may be a function of ¢ ) and helicity, then we
[

may use general Lorentz properties of three particle or Reg:

ggeon couplings

i

. 2 . .
to conclude from 2qg. (7} that the coupling (0,t,q )} (which appears in
, C

Sppc
the Pomeron-particle gcattering amplitude P(0) + b~ P(t) + ' where ¢ is

2

2 . .
exchanced and (p, - pb, Y= g ) also vanishes, These rems rks will be
c

b
elaborated on in an expanded version of this paper.
On the bagis of this last observation, we may go back to the PPomeron
: . y 2 .
particle absorptive part Al 1( ¢, 0, 0,0) and note that no t-channel Reggeon
or particle exchange can contribute to its asymptotic behaviour. Hence, the

ar
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absorptive part A 1('W , 0,0, 0) decreases faster than any power of W as
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where A 1e A with the W -channel kinematical singularities remmoved
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and R denotes the possible contribution of a nonsensc right signature fixed

pole at J = 0. 1Inthe absence of such a fixed pole (R=0) we have, since

~ W 2 . L . .
]_ﬁl{‘v'\ , &0, 0,0) s posgitive semideaflinite,
2 2.~ 2
(W ..1}‘1l ) Al AW, 0,0,0) = 0 {9)
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In other words, a zeromass, helicity 41 Pomeron couples a particle only to
itecll and not to any other state with different mass.

In the inclusive process a & b= ¢+ anything at incident energy s,
momentim transfer g , and missing mass W, the asymptolbic behavior

arising from Pomeron exchange (in the a-¢ chamnel) is
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2 dr , s P, p (@i Zefan) 5,
g~ -—s——-3 (a+b=ctanything) ~ T 8 (g , W) (10)
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dg dwW q~, W
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where (i . {q ) 1s the two particle-Pomeron coupling and I'{(q , W } is pro-
El(_‘JJ
~ 2 2 2 .
portional to A . > (W.0,q9,q ). Inthe absence of a J= 0 {ixed pole

Z
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Fig o, W) will venigh st q°= 0 unless W™= m_. . In the presence of a J=0 fixed

b
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pole, g =0, W) decreases faster than any power as W = @ and thus in any
case the diffractive production of large missing mass will be suppressed at

ate

10 . .
{- 0. There is some evidence  that diffractive production of the N {1512} and
. 2
N (1688) reeonances inyp collicions "dips" at q = 0. The data are hardly

compelling on this point, though they are suggestive. The evidence at this

time is againet such a forward dip in diffractive production of the Roper

o,

N O(1105).
There are some other conclusions which one may draw on the basis
of our arguments. First, since the right hand side of (4) at ¢ = 0 must de-
-

crease faster than any power of W, so must the left. If dis an object

which may be exchanuverd in the process Pomeron (¢, helicity = 1V + b
a

[

. 2 : 11
c4+b, then the coupling ‘Q’Pcd(o’ U qd} vanishes {or 9 <0.

Helicity congervation in the Pomeron-Regeeon- Reggeon vertex re-

quircs the net helicity change, (c-d), to egual +1. Of experimental interest

2 2.
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is the vertex mmeasured in inclusive reactions where q 9.7 9 < 0 and
C C -

L 2 2
where ¢ and d have helicillies, ¢ - a R(q } = ~d. Thus, when nR(q Vo= -é

2 2
Cpeenll roouliros s ovand sl v > 2 vhich e
our resull requires the \anlbhmg_of ‘E"P(lR{(I“)QR (g )(O, ¢ ,q ) which is

2
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the cocflficient of the (/W) (W) term in Fg. 10 in the larze
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/W, and large W limit, Phenomenologically,  thisparticular term



{corrceponding to ) appears to be quite sizeable for non-zero t.

(‘T
RESOE

Our discussion suguests an analogy between the Pomeron couplings
and those of the photon, In electroproduction one measures Wz(q , W) in
the limit prescribed in (10),  From the fact that the pheton is coupled to a

\ . 2 - 2 2

conservoed currcnt, it follows that \VZ(O, W) vanizhes unless W =m . Cne
moy entertain the spoculation that in some sensc a zero mass Pomeron
behaves as if it counles to a conzerved current. A host of questions, such
as wnether or not there ig a conserved charge associated with such a current,

are opened un.  Jt goes beyond the bounds of this note to even begin to prop-

erly anvwer these,
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FiGURL CAPTIONS

Figure t: The absorptive amplitude for a Reggeon of momentam g, spin
[ : a

> .

af{q '}, W -channel helicity a, plus 2 spinless particle b to go to some
<t

gyslem of things of tnomentam ¢ and b, This is a function of the
c

momentum transfer t = {q_ - g } and the energy variable
a C

Z
W= (qi1 + pb)z.

Figure 2: The coupling of @ zero mass, helicity +1 Pomeron to another
Pomeron of {mass) = t and the system of momentun g . The
c

vanishing of the triple FPomeron vertex measusred in inclusive

reactions requircs this vertey to be zera,
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